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(54) Title: METHOD FOR THE AMPLIFICATION AND DETECTION OF DNA USING A TRANSCRIPTION BASED AMPLI- 
FICATION 

(57) Abstract: The present invention is directed to a transcription based amplification method for the amplification of DNA targets 
starting from ds or ssDNA optionally present in a sample, comprising the steps of: - incubating the sample in an amplification buffer 
with one or more restriction enzymes capable of cleaving DNA at a selected restriction site, said restriction enzyme creating a defined 
j*"*"* 3' end on the said DNA strand(s), and a promoter-primer, said promoter-primer having a 5' region comprising the sequence of a 
promoter recognized by a DNA-dependent RNA polymerase and a 3 ' region complementary to the defined 3 ' end of the DNA strand, 
a second primer, having the opposite polarity of the promoter-primer and comprising the 5' end of the target sequence, and in case 
of ssDNA as the target DNA, a restriction primer; - maintaining the thus created reaction mixture under the appropriate conditions 
for a sufficient amount of time for a digestion by the restriction enzyme to take place; - subjecting the sample to a heat treatment at 
a temperature and time sufficient to inactivate the restricting enzyme and/or to render a double strand single stranded; - adding the 
following reagents to the sample: an enzyme having RNA dependent DNA polymerase activity, an enzyme having DNA dependent 
DNA polymerase activity, an enzyme having Rnase H activity, an enzyme having RNA polymerase activity; and - maintaining the 
thus created reaction mixture under the appropriate conditions for a sufficient amount of time for the amplification to take place. 
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Method for the amplification and detection of DNA using a transcription 
based amplification. 

The present invention is directed to a transcription based amplification method for the 
5 amplification of DNA targets. 

Nucleic acid amplification methods are used in the field of molecular biology and 
recombinant DNA technology. These methods are used to increase the number of 
copies of a particular nucleic acid sequence, present in small amounts and often in an 

10 environment in which a wide variety of other nucleic acid sequences, both RNA and 
DNA, are also present. In particular, nucleic acid amplification methods are used to 
facilitate the detection or quantification of nucleic acid and are important for diagnosing 
for example infectious diseases, inherited diseases and various types of cancer. Nucleic 
acid amplification methods have also found their applications in other fields where 

15 samples are investigated in which nucleic acid may be present in minute amounts, such 
as forensic sciences, archeology or to establish paternity. 

Several nucleic acid amplification techniques are known based on different mechanisms 
of action. One method for the amplification of nucleic acid is known as the "Polymerase 
Chain Reaction" (PGR) is described in European patent applications EP 200362 and EP 
20 201148. 

The present invention is concerned with a different class of nucleic acid amplification 
methods namely the "transcription based amplification techniques". With these methods 
multiple RNA copies are obtained from a DNA template that comprises a functional 

25 promoter recognized by the RNA polymerase. Said RNA copies are used as target from 
which new DNA templates are obtained etc. Gingeras et al. in WO88/10315 and Burg et 
ai. in WO89/1050 have described such methods. Isothermal transcription based 
amplification techniques have been described by Davey et al. in EP 323822 (relating to 
the NASBA method), by Gingeras et al. in EP 373960 and by Kacian et al. in EP 

30 408295. Transcription based amplification reactions may also be performed with 

thermostable enzymes. Transcription based amplifications are usually carried out at a 
temperature around 41 degrees Celsius. Thermostable enzymes allow the reaction to be 
carried out at more elevated temperatures. Such a thermostable method is described in 
EP 682121 filed in the name of ToyoBoseki KK. 

35 The methods as described in EP 323822, EP 373960 and EP 408295 are isothermal 

continuous methods. With these methods four enzyme activities are required to achieve 
amplification: an RNA dependent DNA polymerase activity, an DNA dependent DNA 
polymerase activity, an RNase (H) activity and an RNA polymerase activity. Some of 
these activities can be combined in one enzyme, so usually only 2 or 3 enzymes are 

40 necessary. Reverse transcriptase such as AMV (Avian Myoblastosis Virus) or MMLV 
(Moloney Murine Leukemia Virus) reverse transcriptase have both RNA- and DNA 
dependent DNA polymerase activity but also an inherent RNase H activity. In addition 
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an RNase may be added to the reaction mixture of a transcription based amplification 
reaction, such as E. coli RNase H. 

DNA dependent RNA polymerases synthesize multiple RNA copies from a DNA 
template including a promoter recognized by the RNA polymerase. Examples of RNA 
5 polymerases are polymerases from E. coli and bacteriophages T7, T3 and SP6. An 
example of an RNA polymerase commonly used with transcription based amplification 
methods is T7 polymerase. Thus the promoter that is incorporated in the template used 
to produce multiple copies of RNA would then be the T7-promoter. Usually the template 
comprising the promoter has to be created starting from the nucleic acid comprising the 

10 target sequence. Said nucleic acid may be present in the starting material that is used 
as input for the amplification reaction. The nucleic acid present in the starting material 
will usually contain the target sequence as part of a much longer sequence. Additional 
nucleic acid sequences may be present on both the 3 - and the 5'-end of the target 
sequence. The amplification reaction can be started by bringing together this nucleic 

1 5 acid from the starting material, the appropriate enzymes that together provide the above 
mentioned activities and at least one, but usually two, oligonucleotide(s). At least one of 
these oligonucleotides should comprise the sequence of the RNA polymerase promoter. 
Transcription based amplification methods are particularly useful if the input material is • 
single stranded RNA, although single or double stranded DNA can likewise be used as 

20 input material. When a transcription based amplification method is practiced on a 

sample with single stranded RNA with additional sequences on both the 3'-end and the 
5' end of the target sequence a pair of oligonucleotides that is conveniently used with 
the methods as described in the prior art would consist of: 

- a first oligonucleotide (usually referred to as "promoter-primer" or "forward-primer") that 
25 is capable of hybridizing to the 3'-end of the target sequence, which oligonucleotide has 

the sequence of a promoter (preferably the T7 promoter) attached to its 5' end (the 
hybridizing part of this oligonucleotide has the opposite polarity as the target RNA used 
as input material). 

- a second oligonucleotide (usually referred to as "reverse primer") which comprises the 
30 5' end of the target sequence (this oligonucleotide has the same polarity as the target 

RNA). 

When such a pair of oligonucleotides, together with all enzymes having the appropriate 
activities, and a sufficient supply of the necessary ribonucleotides and deoxy- 
ribonucleotides are put together in one reaction mixture and are kept under the 

35 appropriate conditions (that is, under the appropriate buffer conditions and at the 
appropriate temperature) for a sufficient period of time an isothermal continuous 
amplification reaction will start. Many variants of the above theme have been described 
in the prior art. A transcription based amplification reaction comprises the synthesis of 
single stranded RNA transcripts from a template comprising a promoter (e.g. the T7 

40 promoter) that is recognized by an RNA polymerase (e.g. T7 RNA polymerase). A 
forward primer, comprising the promoter sequence, serves as a primer to initiate the 
synthesis of a strand of DNA complementary to the target RNA. 
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The primer will be extended by the activity of RNA dependent DNA polymerase. The 
RNA-cDNA hybrid formed will be degraded by RNase H. This enables the hybridization 
of the specific reverse primer to the cDNA. Extension of this primer by RNA dependent 
DNA polymerase up to the 5' end of the cDNA results in the formation of a double- 
5 stranded promoter sequence, whereby the promoter sequence that was part of the 
forward primer is used as a template. This double stranded promoter will then be used 
by the DNA dependent RNA polymerase to produce many new RNA molecules that are 
complementary to the target RNA. After this initiation phase, the amplification enters a 
cyclic phase. 

10 In practice, the whole sequence of events, starting from the single stranded RNA in the 
sample, will take place as soon as all ingredients are put together, and the mixture is 
brought to the appropriate temperature for the enzymes to be all active. The practitioner 
of the method need not to intervene to accomplish any of these steps. 

1 5 As explained above, transcription based amplification methods are particularly useful for 
amplifications that start from single stranded RNA. The starting material containing the 
nucleic acid to be amplified may not contain the target nucleic acid as RNA of a defined 
length. When a transcription based amplification method is performed on starting 
material comprising the target sequence only as double stranded DNA, either circular or 

20 linear, the DNA would have to be converted to single stranded nucleic acid. This can be 
achieved by separating the strands of the double stranded DNA by applying an elevated 
temperature (up to a 100 degrees Celsius). The first of the oligonucleotides used as 
primers in the amplification may than anneal to one of the single strands. The enzymes 
used with current transcription based amplification methods cannot withstand such a 

25 high temperature and consequently can only be added after the DNA strands have been 
separated. When one of the oligonucleotides anneals to a single strand DNA and is 
elongated, double stranded DNA is created again, and the reaction mixture would have 
to be subjected to an elevated temperature sufficiently high to melt the double stranded 
DNA into its separated strands again. Again the enzymes would be inactivated and new 

30 enzymes are to be added after the heat step has been applied. The second 

oligonucleotide can now be added and anneal to the strand that was created from the 
elongated first oligonucleotide in the first step. As one of the oligonucleotides includes a 
5' promoter sequence of a DNA dependent RNA polymerase (see above), a double 
stranded DNA template including a double stranded functional promoter is obtained, 

35 from which a first step of RNA production can take place. The resulting RNA transcripts 
may enter the cyclic phase of the amplification and the process can further be 
isothermal. 

From the above it is evident that starting a transcription based amplification method from 
double stranded DNA can be a tedious process. It requires several specific actions to be 
40 taken by the practitioner; the sample has to be heated and cooled repeatedly and 
enzymes have to be replenished after each heating step. 
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Some research has already gone into the developments of transcription based 
amplification methods that can start from dsDNA, avoiding the tedious procedure 
described above to convert the dsDNA into ssRNA that can be used as input for the 
cyclic isothermal transcription based amplification. 

5 

A rather simple transcription based amplification method for dsDNA has been disclosed 
in W09925868. 

According to the method described in W09925868 dsDNA in a sample can be amplified 
by means of a transcription based amplification protocol directly, without any heat 
1 0 treatment step [of over 90 C] at all, or -in a preferred embodiment- with only one initial 
heating step. dsDNA, that is relatively short, is to be preferred in this method. Actually, 
the method does not differ essentially from a conventional transcription based 
amplification protocol to amplify ssRNA. 

15 Alternatively, the double stranded DNA in the starting material can be transcribed into 
RNA before the start of the amplification. Such an extra step can be based on an 
enzyme, for instance E. coli RNA polymerase, that transcribes the double stranded DNA 
into RNA without the presence of a promoter sequence, also referred to as a 
polymerase binding site. Such a process of extra steps to facilitate the amplification of 

20 double stranded DNA by transcription based amplification methods has been described 
in PCT patent application no. WO9602668. The extra steps described in this procedure 
do not only include extra handling steps and handling time, but also the use of additional 
ingredients, i.e. the E. coli RNA polymerase. 

25 Another way of preparing suitable templates for transcription based amplification 
methods for dsDNA is described in EP 397269. 

In this patent a method is described whereby dsDNA is pretreated with a restriction 
enzyme. After treatment with the restriction enzyme only one heat separation step is 
needed to create single stranded DNA (ssDNA). With this method a forward primer 

30 (promoter-primer) is used that has a 3' part including a sequence that is complementary 
to the exact 3' end of one of the single strands of DNA and a 5' end including a promoter 
sequence recognized by a RNA polymerase (for example T7 RNA polymerase). When 
the promoter-primer is hybridized to the 3' end of the single strand of DNA a double 
stranded complex is formed, of which the 5' promoter sequence of the forward primer 

35 can serve as a template for an elongation reaction starting from the 3' end of the DNA 
strand. Thus, a double stranded promoter is formed by a DNA dependent DNA 
polymerase and the resulting complex can serve as template for the DNA dependent 
RNA polymerase to synthesize multiple copies of RNA. 

40 In W091 04340 also several methods are disclosed to start a transcription based 

amplification reaction for single stranded DNA. Again, a restriction enzyme may be used 
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to create an appropriate 3' end on the DNA, which can hybridize with a 3' sequence of a 
promoter primer. 

In W091 04340 it is disclosed how the defined 3' end on the ssDNA may be created 
using a restriction enzyme that cuts ssDNA. In another embodiment of the same 
5 method, a restriction enzyme is used that cuts dsDNA, together with a restriction . 

oligonucleotide that hybridizes to the target ssDNA and thus creates a double stranded 
piece of DNA that can be cut by the restriction enzyme to create the appropriate 3' end. 
With this method a small piece of the restriction oligonucleotide will remain after the 
restriction enzyme has cut the double stranded complex. However, according to the 

10 disclosure of W091 04340, the restriction oligonucleotide is apparently chosen in such a 
way that after digestion, the remaining piece will be to small to stay hybridized to the 3' 
end of the ssDNA, and thus will fail of to make room for the promoter oligonucleotide. 
However, the pre-treatment with a restriction enzyme as used with the prior art methods, 
although it may result in a sensitive transcription based assay, require many extra 

1 5 handling steps and handling time. 

The present invention is also concerned with a transcription based amplification method 
including a restriction enzyme digestion. 

The present invention provides a transcription based amplification method that enables 
20 the sensitive and specific amplification (and subsequent detection) of DNA. With the 

method of the invention DNA can be amplified and detected in a more efficient way than 
with prior art transcription based amplification methods. In contrast to the prior art 
methods the use of a restriction enzyme does not complicate the amplification 
procedure. 

25 

The present invention provides a method for the transcription based amplification of a 
target nucleic acid sequence starting from DNA optionally present in a sample, 
comprising the steps of, 

- incubating the sample in an amplification buffer with one or more restriction enzymes 
30 capable of cleaving the DNA at a selected restriction site, said restriction enzyme 

creating a defined 3' end on one of the DNA strands, and 

a promoter-primer, said promoter-primer having a 5' region comprising the sequence of 
a promoter recognized by a DNA-dependent RNA polymerase and a 3' region 
complementary to the defined 3' end of the DNA strand, 
35 a second primer, having the opposite polarity of the promoter-primer and comprising the 
5' end of the target sequence, and 
in case of a ssDNA, a restriction primer, 

- maintaining the thus created reaction mixture under the appropriate conditions for a 
sufficient amount of time for a digestion by the restriction enzyme to take place, 

40 - subjecting the sample to a heat treatment at a temperature and time sufficient to 
inactivate the restriction enzyme and/or to render a double strand single stranded, 

- adding the following reagents to the sample: 
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an enzyme having RNA dependent DNA polymerase activity 
an enzyme having DNA dependent DNA polymerase activity 
an enzyme having RNase H activity 
an enzyme having RNA polymerase activity, and 
5 - maintaining the thus created reaction mixture under the appropriate conditions for a 
sufficient amount of time for the amplification to take place. 

The [for an adequate amplification] necessary (appropriate) nucleoside triphosphates 
may be present already during the incubation step with the restriction enzyme(s), for 
10 example as part of the said amplification buffer. They may, however, be added later on 
in the process, for example together with the enzymes after the heat treatment. 

The person skilled in the art knows the enzymes used for the transcription based 
amplification method, and the conditions under which the transcription based 
15 amplification method is carried put and is aware of all the usual modifications that can be 
made with regard to optimizing transcription based amplification reactions. For example, 
the forward primer, the promoter primer, may comprise a purine region between the 
promoter sequence on the 5' end of the primer and the hybridizing sequence on the 3' 
end of the primer. 

20 The sequence of the primers is largely determined by the position of the restriction site chosen. 
The 3' end of a forward primer should anneal to the target sequence directly next to the 
restriction site. The primer may vary in length as long as it is sufficiently long to hybridize 
under the conditions used with the amplification reaction. In general the hybridising part 
of the primer consists of about 10 to about 35 nucleotides. 

25 - 

Restriction primers, used in the method according to the invention if the target is ssDNA, 
require that the overlap they show with the forward primer is minimal and the sequence of 
the restriction site is incorporated in such a way that the restriction enzyme actually cuts 
the DNA efficiently. 

30 . 

A restriction enzyme is an enzyme that can cut ds DNA at a selected site (i.e. a specific 
nucleotide sequence recognized by the enzyme). In selecting an appropriate restriction 
enzyme for the method of the invention care should be taken that a restriction site is 
chosen that is present in al variants of the target DNA (for example, a restriction site that 
35 is present in all genotypes of a particular virus, if the amplification is carried out to detect 
viral DNA in the sample). The restriction site should not be present in the DNA sequence 
in between the primers. 

The addition of the restriction enzyme results in the creation of a defined 3' end of the 
40 target strand of the DNA, which is then available for binding to the hybridizing part of the 
promoter primer. An additional aspect is that, because of the digestion, denaturation of 
that part of the DNA will be improved and so primer binding will be facilitated. 
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The promoter oligonucleotide containing the T7-promoter sequence should be designed 
in such a way that the hybridizing part will interact with the template directly upstream of 
the restriction site. The enzyme having DNA dependent DNA polymerase activity 
(usually a reverse transcriptase such as MMLV-RT or AMV-RT) can extend the 3' end of 
5 the target strand of the DNA created by the digestion with the restriction enzyme, using 
the primer as template. A double-stranded T7-promoter sequence will be formed and the 
production of amplicon RNA can start. 

Surprisingly it has been found that a restriction enzyme can be used efficiently in an 
1 0 environment that is suitable for and adapted to a transcription based amplification 

process. In other words it has been found that the use of a restriction enzyme to cut the 
DNA that is used as input material for a transcription based amplification, does not have 
to lead to complicated, additional handling of the sample.The use of the restriction 
enzyme is incorporated into and is part of the steps that are usually already part of the 
1 5 protocol for a transcription based DNA amplification: 

All prior art methods describe the use of a restriction enzyme in the preparation of a 
DNA template for transcription based amplification as a separate pre-treatment prior to 
the actual transcription based amplification. Consequently the prior art use of a 
restriction enzyme in preparing the DNA template resulted in additional handling of the 
20 sample, like separate inactivation of the restriction enzyme and separate purification of 
the DNA. It complicates the whole amplification procedure, especially an automated 
process, and increases the risk of contamination. 

Although the addition of a restriction oligonucleotide together with a restriction enzyme 

has already been disclosed in W091 04340, it has not been disclosed prior to the 
25 present invention how the use of the restriction enzyme (and oligonucleotide) can 

efficiently be combined with the transcription based amplification. 

It has not been disclosed in the prior art in which way the use of restriction enzyme can 

be combined with transcription based amplification without additional sample handling 

and reagent adding steps. 
30 The method of the invention provides this combination without complicating the prior art 

transcription based DNA amplification process. 

Th e method of the invention hardly differs from a normal transcription based 
amplification method. The only additional step to be taken is the "built in incubation" of 
35 the sample with the restriction enzyme, which means that the restriction enzyme is used 
in such a way that the actual handling of the sample does not differ from a conventional / 
prior art transcription based DNA amplification process. 

The preferred restriction enzyme used in the method of the invention is, of course, an 
enzyme that is relatively stable and retains a high activity under conditions where it is 
40 added to a reaction mixture comprising an amplification-buffer (which contains relatively 
high concentrations of salts). 
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After the addition of the restriction enzyme the sample needs to be incubated under the 
appropriate conditions for the enzyme to be active, and for a suitable amount of time. 
The sample may be incubated with the restriction enzyme for a relatively short period of 
time, preferably for about 10-20 minutes and more preferred for about 15 minutes at a 
5 temperature of about 35 to about 45 °C and more specifically at about 37 - 41 °C } 

obviously depending on the nature of the restriction enzyme used. In fact, this is the only 
additional measure to be taken, when compared to a conventional transcription based 
DNA amplification method. 

The method of the invention comprises the step of heating the sample after the 
1 0 incubation with the restriction enzyme. During this heating the restriction enzyme is 

inactivated and double stranded DNA is rendered single stranded [at least partially]. This 
heating step is already part of the protocols for carrying out a transcription based 
amplification method. These methods involve a heat treatment of the sample after 
primer-addition, to create optimal circumstances for primer annealing (the nucleic acid is 
15 stretched, strands or internal loops of the nucleic acid are separated, and during the 
cooling down, hybridization of the primers to the template is facilitated.) 
The heating after the incubation with the enzyme may be done at a lower temperature 
but is preferably carried out by way of a short incubation (about 5 minutes) at a 
temperature above 90 °C and preferably at 95 +/- 3 °C. 
20 Thereafter the sample may be cooled to the appropriate temperature for a transcription 
based amplification reaction to take place (usually about 41 °C). 

Due to the heating, any double stranded DNA is rendered single stranded. If the 
primers, especially the promoter oligonucleotide, are already present prior to the heating 
25 of the sample, the heat treatment may facilitate primer annealing to DNA as well. 

Thus, there is no need to purify the DNA from the sample after it has been subjected to 
a treatment with the restriction enzyme. The enzyme is simply inactivated in the heat 
treatment that was already part of the transcription based amplification procedure. It has 
30 been proven with the method of the invention that this is sufficient to eliminate the risk 
that the restriction enzyme will interfere with the actual transcription based amplification 
reaction. 

After the heat treatment the additional amplification reagents for the transcription-based 
amplification are added in the usual way, and the transcription based amplification can 
35 be carried out in the usual way known to the skilled person 

The amplification enzymes are only added after the heat treatment, to prevent 
degradation of the enzymes during the heat treatment (unless, of course, thermostable 
enzymes are used). 

40 
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The major advantage of the method of the invention is that, even though that additional 
reagents are used (e.g. the restriction enzyme) this does not result in additional 
(separate) reaction steps or activities to be carried out. 

5 The fact that no additional handling of the sample is required is especially important 
because every additional handling of the sample would increase the contamination risk, 
which is to be avoided at all costs, especially in amplification reactions. Moreover, if 
additional sample handling steps were required this would complicate automation of the 
method. 

10 

The method of the invention may also be used for single stranded DNA. When the DNA 
is single stranded a restriction oligonucleotide or restriction primer comprising a 
sequence complementary to the region including the restriction site of the target DNA is 
added together with the restriction enzyme. 

1 5 The restriction oligonucleotide [restriction primer] hybridizes with the single stranded 
DNA and forms a double stranded complex that can be cut with the restriction enzyme. 
The addition of yet another reagent (the restriction oligonucleotide) does not result in 
additional steps to be carried out by the practitioner. The restriction oligonucleotide can 
simply be added with the restriction enzyme and the other oligonucleotides necessary 

20 for the amplification. Thus, there is no need to open the amplification system for yet 
another addition of reagents. 

In a preferred embodiment of the invention, the function of the restriction oligonucleotide 
may be incorporated in the oligonucleotide that also comprises the sequence of a 

25 promoter recognized by a DNA dependent RNA polymerase (the combined promoter 
and restriction -primer). In this way only two oligo's are needed; a promoter-primer in 
which a sequence complementary to the region including the restriction site has been 
incorporated and a second primer, the reverse primer, for the amplification. 
The sequence including the restriction site of this preferred [combined promoter and 

30 restriction] primer should preferably be allocated in such a way that: 

- after digestion, the remaining part of the primer will denature from the target during 
the heating step 

- the remaining part of the hybridizing sequence of the target is long enough for a new 
combined promoter and restriction primer to bind, 

'35 - Extra nucleotides surrounding the restriction site are included in the hybridization if 
necessary for the activity of the restriction enzyme. 

Thus, a part of the combined promoter and restriction primer will now serve as restriction 
oligonucleotide; it will anneal to the target DNA, resulting in dsDNA comprising the 
40 restriction site recognized by the restriction enzyme. Subsequently the restriction 
enzyme will cut the said dsDNA, thus providing the defined 3' end on the DNA 
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Preferably, an at least 1000 fold excess of this combined promoter and restriction primer 
with respect to the amount of target DNA should be present, as is also usual already for 
a conventional promoter primer in transcription based amplification reactions. 

5 

It has been found that the method of the invention is especially useful for the 
amplification and detection of DNA from the hepatitis B virus (HBV), but the method of 
the invention can be used with any kind of DNA, viral DNA to be detected in a sample, 
or even genomic DNA. 



BRIEF DESCRIPTION OF THE FIGURES 

Figure 1: Schematic presentation of DNA NASBA including restriction enzyme digestion. 

1 5 The restriction enzyme (arrow) is only active during the initiation phase of NASBA. After 
digestion, the forward primer is hybridized to the template. AMV RT will extend the 3' 
end of the target strand (black) of the DNA, using the forward primer, including the T7 
promoter sequence (dark grey) as template. The T7 DdRp will recognize the double 
stranded T7 promoter sequence and RNA amplicon (light grey) production will begin. 

20 The RNA amplicon sequence is complementary to the target DNA strand. During the 
cyclic phase, the RNA amplicon will be amplified and detected by molecular beacon 
technology. RNase H and the reverse primer are only required during the cyclic phase. 

Figure 2: NASBA of HBV DNA with and without digestion with Xbal in combination with 
25 forward primer S-p3.8. After digestion with Xbal, S-p3.8 can be used as template for the 
extension of target DNA. Primer S-p4.5 is used as reverse primer and molecular beacon 
S-WT2 as probe. A sample without template (NT) is used as negative control. 

Figure 3: NASBA of HBV DNA with and without digestion with BssSI in combination with 
30 forward primer S-p3.1 0. After digestion with BssSI, S-p3. 1 0 can be used as template for 
the extension of target DNA. Primer S-p4.5 is used as reverse primer and molecular 
beacon S-VVT2 as probe. A sample without template (NT) is used as negative control. 

Figure 4. NASBA of HBV DNA with and without digestion with Xbal in combination with 
35 forward primer S-p3.10. S-p3.10 can not be used as template for the extension of target 
DNA, after digestion with Xbal. Primer S-p4.5 is used as reverse primer and molecular 
beacon S-WT2 as probe. A sample without template (NT) is used as negative control. 

Figure 5. NASBA of HBV DNA with and without digestion with BssSI in combination with 
40 forward primer S-p3.8. S-p3.8 can be used as template for the extension of target DNA, 
after digestion with BssSI. Primer S-p4.5 is used as reverse primer and molecular 
beacon S-WT2 as probe. A sample without template (NT) is used as negative control. 
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Figure 6. NASBA of HBV DNA with and without digestion with Avrll in combination with 
forward primer S-p3.5. S-p3.5 can be used as template for the extension of target DNA, 
after digestion with Avrll. Primer S-p4.4 is used as reverse primer and molecular beacon 
5 S-WT4 as probe. A sample without template (NT) is used as negative control. 

Figure 7: NASBA of DNA with and without digestion with Mspl in combination with 
forward primer U1a-p1. After digestion with Mspl, U1a-p1 can be used as template for 
the extension of target DNA. Primer U1a-p2 is used as reverse primer and molecular 
10 beacon U1a-MB as probe. A sample without template (NT) is used as negative control. 



The invention is further exemplified by the following Examples. 

15 EXAMPLES: 

Example 1: Amplification of HBV DNA 

Two conserved restriction sites (Xbal and BssSI) are encoded in the conserved region (nt 
244 to 285 according to the EcoRI-site) of the S-gen of HBV DNA. As this part of the S- 

20 region can be singie-stranded DNA of negative polarity, an oligonucleotide ('restriction 
primer' (RP) complementary to the region including the restriction site sequences was 
added to create a double-stranded restriction site for all genomic DNAs present. HBV 
DNA was isolated from a series of dilution of plasma infected with HBV genotype A of 3 x 
10 9 geq/ml, using the Nuclisens Extractor (Organon Teknika). Following the standard 

25 procedure as described for RNA isolation (Operator Manual Extractor, 41001-9, rev A, 
1999), a 50 pi extract is obtained. Five pi of the extract is used per assay. The restriction 
enzyme digestion was performed in NASBA buffer (40 mM Tris-HCI pH 8.5, 12 mM 
MgCI 2 , 70 mM KCI, 15% v/v DMSO, 5 mM DTT, 1 mM each dNTP, 2 mM ATP, 2 mM 
CTP, 2 mM UTP, 1 .5 mM GTP, 0.5 mM ITP, 0.2 pM fon/vard primer (S-p3.8 for Xbal, and 

30 S-p3.10 for BssSI, table 1), 0.2 pM reverse primer (S-p4.5, table 1), 0.1 pM molecular 
beacon probe (S-WT2, table 1), 0.17 pM restriction primer (RP-3, table 1)) and 0.2 units 
restriction enzyme BssSI (New England BioLabs, Inc., Beverly, MA, USA) or 3.0 units 
restriction enzyme Xbal (New England BioLabs, Inc., Beverly, MA, USA). After incubation 
of 15 min at 41 DC, the restriction enzymes were heat-inactivated and the DNA template 

35 denatured at 95DC for 5 min. Hybridization of the primers occured during cooling down to 
41 DC for 3 min. Subsequently, NASBA enzymes (2.1 pg BSA, 0.08 units RNase H, 32 
units T7 RNA polymerase and 6.4 units AMV reverse transcriptase) were added, the 
reaction mixture was mixed by gently tapping and short centrifugation, and the 
amplification and real-time detection was started. The reaction mixture was incubated at 

40 41 °C in the NucliSens EasyQ Analyzer (Organon Teknika) for 120 minutes with 
fluorescence monitoring every minute. The reactions were excited at 485 nm and the 
emission signal was measured at 518 nm. 
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Example 1.1: Amplification of HBV DNA including Xbal digestion 

A NASBA assay with and without the treatment with the restriction enzyme Xbal was 
performed. The optimal concentration of Xbal was determined under NASBA conditions 
by digestion of 10 9 copies of a PCR fragment including the amplicon region of the HBV 
5 DNA, and was shown to be 3 units. S-p3.8 is used as forward primer and can be used as 
template by AMV RT to extend the template DNA after digestion with Xbal. Without 
digestion a sensitivity of 3 x 10 6 geq/m! is obtained while after digestion the sensitivity is 3 
x 10 3 geq/ml, meaning a 1000 fold increase in sensitivity (fig. 2). In addition, without 
digestion the time to positivity (TTP) is about 16 minutes while after Xbal digestion this is 
10 about 6 min, meaning a decrease in TTP of about 10 min (fig.2). Both are indications for 
an improved amplification reaction. 

Example 1 .2: Amplification of HBV DNA including BssSI digestion 

A NASBA reaction, with and without treatment with the restriction enzyme BssSI was 
15 performed with the same HBV DNA extract and comparable reaction conditions as 
described above. The optimal concentration of BssSI was determined under NASBA 
conditions by digestion of 10 9 copies of a PCR fragment including the amplicon region of 
the HBV DNA, and was shown to be 0.2 units. S-p3.10 is used as forward primer and can 
be used as template by AMV RT to extend the template DNA after digestion with BssSI. 
20 Again significant test improvements were obtained as a result of treatment with the 
restriction enzyme BssSI (fig. 3). Without digestion a sensitivity of only 3 x 10 7 geq/ml is 
obtained while after digestion the sensitivity is 3 x 10 4 geq/ml, meaning again a 1000 fold 
increase in sensitivity (fig. 3) as a result of the digestion. In addition, without digestion the 
time to positivity (TTP) is about 21 minutes while after BssSI digestion this is about 11 
25 min, meaning again a decrease in TTP of about 10 min (fig. 3). The results prove that the 
digestion of HBV DNA with a restriction enzyme prior to the NASBA reaction can 
considerably improve the amplification and so the detection of a HBV DNA 

Example 1.3: Amplification of HBV DNA including Xbal digestion-2 
30 To test if the digestion by itself or the combination of the restriction enzymes with the 
selected primers was the basis for the improved assay results, the assay including the 
Xbal digestion was repeated with primer S-p3.10 instead of S-p3.8. AMV RT can not use 
S-p3.10 as template to extend the target sequence after digestion with Xbal. As can be 
seen in figure 4, only a slight increase in sensitivity (10 fold) and small decrease in TTP 
35 (about 5 min, from 21 to 16 min) is obtained after digestion with Xbal in combination with 
S-p3.10. This indicates that the extension of the template during the initiation of NASBA 
is responsible for the improved results 

as obtained with Xbal and primer S-p3.8 and with BssSI and primer S-p3.10. 

40 Example 1 .4: Amplification of HBV DNA including BssSI digestion-2 

To test if the extension of the target was indeed the basis for the improved assay 
results, the assay including the BssSI digestion was repeated with primer S-p3.8 instead 
of S-p3.10. AMV RT can use S-p3.8 as template to extend the target sequence after 
digestion with BssSI. However, after digestion with BssSI, only 17 nucleotides are 

45 included in hybridization of the primer to the target sequence while normally this is about 
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20 nucleotides. Despite this difference, again clear test improvements were obtained after 
digestion with BssSI (fig. 5). A double digestion can be performed with both Xbal and 
BssSI included in NASBA using the primers S~p3.8 and S-p4.5, restriction primer RT-3 
and molecular beacon S-WT2 without loss of amplification efficiency as compared to the 
5 single digestion NASBA assays. 

Example 1 .5: Amplification of HBV DNA including Avrll digestion 

The restriction site (Avrll) is encoded in another conserved region (nt 177 to 192 
according to the EqoRl-site) of the S-gen of HBV DNA. Forward primer S-p3.5, reverse 

10 primer S-p4.4, molecular beacon S-WT4 and restriction primer RP-1 (table 1) was used 
in NASBA. The AMV RT can extent the target strand of HBV DNA after digestion with 
Avrll, using S-p3.5 as template. The same reaction conditions as described above were 
used. A NASBA reaction, with and without treatment with the restriction enzyme Avrll 
was performed with the same HBV DNA extract as described above, using 2 units of 

15 Avrll per reaction. Without digestion, a sensitivity of > 10 8 geq/ml is obtained while after 
digestion the sensitivity is 1 x 10 5 geq/ml, meaning a >10 3 fold increase in sensitivity (fig. 
6) as a result of the digestion. Again, these results prove that the digestion of HBV DNA 
with a restriction enzyme digestion included in the NASBA reaction can considerably 
improve the amplification of HBV DNA 

20 

Example 1.6: Amplification of U1a DNA including Mspl digestion 

A NASBA reaction is designed for U1a DNA including the forward primer U1a-p1, reverse 
primer U1a-p2 and molecular beacon U1a-MB (Table 2). NASBA was performed with 
and without the addition of restriction enzyme Mspl in NASBA buffer (40 mM Tris-HCI pH 

25 8.5, 12 mM MgCI 2j 70 mM KCI, 15% v/v DMSO, 5 mM DTT, 1 mM each dNTP, 2 mM 
ATP, 2 mM CTP, 2 mM UTP, 2 mM GTP, 0.2 [jM forward primer, 0.2 |JM reverse primer 
and 0.05 pM molecular beacon probe). For the NASBA including the restriction enzyme 
digestion, 1 .5 units Mspl was added. After incubation at 37 DC for 25 min, the DNA 
template is denatured at 95DC for 3 min. Hybridization of the primers occurred during 

30 cooling down to 41 DC for 3 min. Subsequently, NASBA enzymes (0.08 units RNase H, 
32 units T7 RNA polymerase and 6.4 units AMV reverse transcriptase in 375 mM sorbitol 
and 2.1 pg BSA) were added, the reaction mixture was mixed by gently tapping and short 
centrifugation, and the amplification and real-time detection was started. The reaction 
mixture was incubated at 41 °C for 90 minutes with fluorescence monitoring every 45 

35 seconds. The reactions were excited at 485 nm and the emission signal was measured at 
530 nm in a fluorimeter (Applied Biosystems). Without Mspl digestion a dilution of 10-fold 
could not be detected while with Mspl digestion a 10 3 -fold dilution 

was detectable, meaning at least a 100-fold increase in sensitivity (fig. 7). This result 
proves that the digestion of U1a DNA with a restriction enzyme in such a way that the 
40 forward primer can function directly as template for AMV RT, can considerably improve 
the amplification and so the detection of a U1a DNA. In addition a Mspl digestion can be 
included in a NASBA reaction. 
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Table 1 Primer and probe sequences 



Primer/Probe 


Sequence 


Label 


S-p3.8 

(SEQ ID No. 1) 


5'AA TTCTAA TACGACTCACTA TAGGG a 
GACTCGTGGTGGACTTCTCTCA 3' 




S-p3.10 
(SEQ ID No. 2) 


S'AA TTCTAA TA CGA CTCACTA TAGGG agaa 
GGTGGACTTCTCTCAATTTTC 3' 




S-p3.5 

(SEQ ID No.3) 


5'AA TTCTAA TACGACTCACTA TAGGG aga 
GGACCCCTGCTCGTGTTACAGGC 3' 




S-p4.5 

(SEQ ID No.4) 


5'GAACCAACAAGAAGATGAGGCA 3' 




S-p4.4 

(SEQ ID No.5) 


5'GGGACTGCGAATTTTGGCCA 3' 




S-WT2 

(SEQ ID No.6) 


5'CGATCG AGGGACTGCGAA I I I IGGC CGATCG 3' 


FAM 


S-WT4 

(SEQ ID No.7) 


Z'GGATCCC TIGAAAATTGAGAGAAGTCCACCAC GGGATCC 3' 


FAM 


RP-3 

(SEQ ID No.8) 


5'AATACCGCAGAGTCTAGACTCGTGG 3' 

Xbal I BssSI 


3'NH 2 


RP-1 

(SEQ ID No.9) 


5'CATCAGGAYTCCTAGGA 3' 

Avrll 


3'NH 2 



*The T7-promoter sequence is written in italics, the purine-stretch in lower case, the 
stem sequence of the probe in underlined italics and the restriction sites are indicated. 
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Tabel 2. Primer and probe sequences* 



Primer/Probe 


Sequence 


Label 


Ula-pl 

Seq ID No. 10 


5 ^4L4 TTCTAA TA CGA CTCA CTA TA GGG AGAGGCCCGGC ATG 
TGGTGCATAA 3' 




Ula-p2 

Seq ID No. 11 


5' TTCCTTACATCTCTCACCCGCTA 3' 




Ula-MB 
Seq ID No. 12 


5' GCATGC TGTAACCACGCACTCTCCTC GCATGCV 


FAM 1 



*The T7-promoter sequence is written in bold and italics and the stem sequence of the 
probe in underlined italics. 



5 



WO 02/070735 



PCT/EP02/02602 



16 



CLAIMS : 



1 .Method for the transcription based amplification of a target nucleic acid 
sequence starting from DNA optionally present in a sample, comprising the steps 
5 of, 

- incubating the sample in an amplification buffer with one or more restriction 
enzymes capable of cleaving DNA at a selected restriction site, said restriction 
enzyme creating a defined 3' end on the said DNA strand(s), and 

a promoter-primer, said promoter-primer having a 5' region comprising the 
10 sequence of a promoter recognized by a DNA-dependent RNA polymerase and a 

3' region complementary to the defined 3' end of the DNA strand, 
a second primer, having the opposite polarity of 'the promoter-primer and 
comprising the 5'end of the target sequence, and 

in case of ssDNA as the target nucleic acid sequence, a restriction primer, 
1 5 - maintaining the thus created reaction mixture under the appropriate conditions 

for a sufficient amount of time for a digestion by the restriction enzyme to take 
place, 

- subjecting the sample to a heat treatment at a temperature and time sufficient to 
inactivate the restriction enzyme and/or to render a double strand single stranded, 

20 - adding the following reagents to the sample: 

an enzyme having RNA dependent DNA polymerase activity 
an enzyme having DNA dependent DNA polymerase activity 
an enzyme having RNase H activity 
an enzyme having RNA polymerase activity, and 
25 - maintaining the thus created reaction mixture under the appropriate conditions 

for a sufficient amount of time for the amplification to take place. 

Method according to claim 1 , wherein the DNA is single stranded and the function 
of the promoter primer and the function of the restriction primer are combined in 
using a combined promoter and restriction primer comprising a sequence 
complementary to the region including the restriction site of the target ssDNA and 
the sequence of a promoter recognized by a DNA-dependent RNA polymerase. 



3. Method according to claim 1 or 2 in which the appropriate nucleosidetriphosphates 
35 are added to the initial incubation mixture prior to the heat treatment. 

4. Method according to claim 1 or 2 in which a reverse transcriptase is used 
combining the 

activities of the enzyme having RNA dependent DNA polymerase activity and the 
40 enzyme having DNA dependent DNA activity. 



2. 
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5. Method according to claim 4 in which a reverse transcriptase is used having 
inherent 

RNase H activity replacing 3 enzymes, namely the enzyme having RNA 
dependent DNA polymerase activity, the enzyme having DNA dependent DNA 
5 activity as well as the enzyme having RNase H activity. 

6. Method according to claim 1 , in which the incubation temperature is from 35 °C to 
about 45°C and preferably about 37 - 41 °C 



10 7. 



Method according to claim 1 in which to heating step is carried out at a 
temperature between 92 °C and 98 °C and preferably at about 95 °C 
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SEQUENCE LISTING 
<110> Akzo Nobel NV 

<120> Method for the amplification and detection of DNA using a 
transcription based amplification 

<130> 2001.632 

<160> 12 

<170> Patentln version 3.1 

<210> 1 

<211> 48 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 1 

aattctaata cgactcacta tagggagact cgtggtggac ttctctca 4 8 

<210> 2 
<211> 50 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 2 

aattctaata cgactcacta tagggagaag gtggacttct ctcaattttc 

<210> 3 

<211> 51 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 3 

aattctaata cgactcacta tagggagagg acccctgctc gtgttacagg c 

<210> 4 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
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<400> 4 

gaaccaacaa gaagatgagg ca 

<210> 5 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220>. 

<223> Primer 

<400> 5 

gggactgcga attttggcca 

<210> 6 
<211> 31 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Probe 
<400> 6 

cgatcgaggg actgcgaatt ttggccgatc g 



31 



<210> 7 



<211> 39 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Probe 
<220> 

<221> misc_feature 

<222> (9) . . (10) 

<223> n = inosine 

<400> 7 

ggatccctng aaaattgaga gaagtccacc acgggatcc 

<210> 8 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 8 

aataccgcag agtctagact cgtgg 



<210> 9 



WO 02/070735 



5/6 



PCT/EP02/02602 



<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 9 

catcaggayt cctagga 

<210> 10 

<211> 49 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 10 

aattctaata cgactcacta tagggagagg cccggcatgt ggtgcataa 

<210> 11 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Primer 

<400> 11 

ttccttacat ctctcacccg eta 

<210> 12 

<211> 32 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Probe 



<400> 12 

gcatgctgta accacgcact ctcctcgcat gc 



32 



